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Abstract
The predictive value of left atrial (LA) dilatation in ambulatory adults with coronary artery disease
is not known. It was hypothesized that echocardiographic LA volume index (LAVI) predicts heart
failure (HF) hospitalization and mortality with similar statistical power as left ventricular ejection
fraction (LVEF) in ambulatory adults with coronary artery disease. We measured LAVI in 935 adults
without atrial fibrillation, atrial flutter, or significant mitral valve disease in the Heart and Soul Study.
LAVI was calculated using the biplane method of disks. Outcomes included HF hospitalization and
mortality. Logistic regression odds ratios (ORs) were calculated and adjusted for age, demographics,
medical history, left ventricular mass, diastolic function, and LVEF. Mean LAVI was 32 ± 11 ml/
m2, and mean LVEF was 62 ± 10%. Sixty-six patients (7%) had LAVI >50 ml/m2. There were 108
HF hospitalizations and 180 deaths at 4.3 years of follow-up. C statistics calculated as the area under
the receiver-operator characteristic curve were the same (0.60) for LAVI and LVEF in predicting
mortality. The unadjusted OR for HF hospitalization was 4.4 for LAVI > 50 ml/m2 and 5.3 for LVEF
<45% (p <0.001). In those with normal LVEF, the ORs for LAVI >50 ml/m2 were 5.2 for HF
hospitalization (p <0.0001) and 2.5 for mortality (p = 0.006). After multivariate adjustment, LAVI
> 50 ml/m2 was predictive of HF hospitalization (OR 2.4, p = 0.02), and LAVI >40 ml/m2 was
predictive of mortality (OR 1.9, p = 0.005). In conclusion, LAVI had similar predictability as LVEF
for HF hospitalization and mortality in ambulatory adults with coronary artery disease.

Left atrial (LA) dilatation occurs in the setting of both systolic and diastolic dysfunction.1–3

The American Society of Echocardiography recommended LA volume index (LAVI), the
value of LA volume divided by body surface area, to measure LA size.4 Increased LAVI was
shown to predict mortality after acute myocardial infarction (MI),5,6 but the predictive power
of degrees of LAVI dilatation has not been established in the frequently encountered clinical
setting of ambulatory adults with coronary artery disease. We hypothesized that LAVI predicts
heart failure (HF) hospitalization and mortality with similar statistical power as left ventricular
ejection fraction (LVEF) in ambulatory adults with coronary artery disease.
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Methods
The Heart and Soul Study was a prospective cohort study of psychosocial factors and health
outcomes in patients with coronary disease. Methods and objectives have been described
previously.7 Criteria for enrollment were (1) history of MI, (2) angiographic evidence of ≥50%
diameter stenosis in ≥1 coronary vessel, (3) evidence of exercise-induced ischemia using
treadmill electrocardiogram or stress nuclear perfusion imaging, or (4) history of coronary
revascularization. Patients were excluded if they deemed themselves unable to walk 1 block,
were within 6 months of an acute coronary syndrome, or were planning to move out of the
local area within 3 years. All study subjects provided informed consent for baseline
echocardiographic testing and review of medical records. The institutional review board at
each of the enrolling centers approved the study protocol. Between September 2000 and
December 2002, a total of 1,024 subjects were enrolled. Of these, 49 subjects were excluded
for atrial fibrillation, atrial flutter, mitral stenosis, or greater than mild mitral regurgitation,
categorized using reference criteria from the American Society of Echocardiography.4

Each subject completed a detailed interview and questionnaire detailing age, gender, race,
medical history, medications, current smoking, and level of alcohol consumption.
Echocardiographic studies were performed in the standard left lateral recumbent and supine
positions using a commercially available ultrasound system with harmonic imaging (Acuson
Sequoia; Siemens Corp., Mountain View, California). By protocol, LA size was maximized
in both 2- and 4-chamber views. A single cardiologist (NBS) blinded to clinical and laboratory
information evaluated each echocardiogram at rest. Our reader’s reproducibility was
previously established.8

LA volume was measured from standard apical 2- and 4-chamber views at end-systole. LA
borders were traced using planimetry. The borders consisted of the walls of the left atrium and
a line drawn across the mitral annulus (Figure 1). Attention was given to bridge the ostia of
pulmonary veins (when visualized) to not include the veins in the measurement. If seen, the
LA appendage was excluded from measurement. The biplane method of disks was used to
calculate LA volume,4 and measurements were rounded to the nearest integer. LAVI was
calculated by dividing LA volume by body surface area. The American Society of
Echocardiography criterion for severe LA dilatation (LAVI >40 ml/m2) was used to compare
baseline characteristics of subjects.

LVEF was calculated using the biplane method of disks from apical 4- and 2-chamber views.
Diastolic dysfunction was categorized according to the classification by Khouri et al9; the
presence of pseudonormal or restrictive diastolic dysfunction was defined as diastolic dominant
pulmonary vein flow and mitral diastolic early/late velocity flow ratio >0.75. Diastolic function
was not able to be categorized in 55 subjects because of the absence of measurable or
discordance between mitral inflow and pulmonary venous flow parameters. Inducible
myocardial ischemia was defined as a new wall abnormality not present on treadmill stress
echocardiography images at rest.

We conducted telephone follow-up interviews and questioned subjects or their proxies
regarding recent emergency department visits, hospitalizations, or death. For any reported
event, medical records, death certificates, and coroner’s reports were retrieved. Two blinded
adjudicators reviewed each event, and if there was agreement, the outcome classification was
binding. If there was disagreement, a third blinded adjudicator reviewed the event and
determined the outcome classification. Outcome adjudications were available for all except 5
subjects.

Mortality adjudications were based on hospital records, death certificates, and autopsy results.
Hospitalization for HF was defined as a clinical syndrome requiring a minimum 1-night
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hospital stay with ≥2 of paroxysmal nocturnal dyspnea, orthopnea, increased jugular venous
pressure, pulmonary rales, a third heart sound, cardiomegaly on chest radiograph, or pulmonary
edema on chest radiograph.10 These clinical signs and symptoms must have represented a clear
change from the previous clinical state of the patient. Stroke was considered an acute neurologic
deficit of ischemic or hemorrhagic origin requiring supportive clinical and imaging
documentation.

The outcome of MI was determined using standard diagnostic criteria developed by the
American Heart Association.11 Death was considered caused by heart disease if (1) the subject
died during the same hospitalization in which an acute MI was documented or (2) the subject
experienced sudden death, defined as unexpected otherwise unexplained death within 1 hour
of the onset of terminal symptoms.

Baseline characteristics were reported as mean ± SD for continuous variables and percentage
for categorical variables. Differences in baseline characteristics between groups were
determined using Student’s t test for continuous variables and chi-square test for dichotomous
variables. The cutoff of 40 ml/m2 was used based on American Society of Echocardiography
criteria for severe LAVI dilatation.4 Differences between categories of LA dilatation by
reference standards for LAVI and LVEF were determined using chi-square test. We used
logistic regression to examine the association of LAVI with HF, stroke, and mortality.

We report odds ratios (ORs) with 95% confidence intervals. Multivariate adjustments, when
applicable, were made for all baseline characteristics listed in Table 1. We calculated c statistics
(the numerical equivalent of area under the receiver-operator characteristic curve) for LAVI
and LVEF. Analyses were performed using SAS software (version 8; SAS Institute Inc., Cary,
North Carolina). Outcome events were counted once for each subject (e.g., recurrent HF
hospitalizations in the same subject were not counted). Predefined end points were HF
hospitalization, stroke, MI, cardiovascular mortality, and all-cause mortality.

Results
After exclusion of 49 patients with atrial fibrillation, atrial flutter, mitral stenosis, or greater
than moderate mitral regurgitation, 970 subjects were suitable for analysis; 935 had measurable
LA volume and 945 had measurable LVEF. Mean LA volume was 63 ± 21 ml, mean LAVI
was 32 ± 11 ml/m2, and mean LVEF was 62 ± 10%. Baseline characteristics of LAVI separated
by the cutoff of 40 ml/m2 are listed in Table 1.

Categories of normal and abnormal LAVI and LVEF are shown in Figure 2, based on the
reference standards of the American Society of Echocardiography.4 According to the reference
limits, 43% of subjects had normal LAVI (<28 ml/m2) and 83% had normal LVEF (>55%).
The difference in distribution between LAVI and LVEF was statistically significant (chi-square
= 0.003).

At an average of 4.3 years of follow-up, there were 108 subjects hospitalized for HF, 29 strokes,
94 MIs, 54 heart disease deaths, and 180 all-cause deaths. When LAVI and LVEF were
analyzed as continuous variables, c statistics (area under the receiver-operator characteristic
curve) for LAVI were 0.68, 0.63, and 0.60 for HF hospitalization, stroke, and mortality. C
statistics for LVEF were 0.72, 0.61, and 0.60 for HF hospitalization, stroke, and mortality.
Unadjusted ORs for categories of LAVI and LVEF are shown in Figure 3. For example, LAVI
>40 ml/m2 was predictive of HF hospitalization (OR 3.6, p <0.0001), stroke (OR 2.3, p = 0.04),
heart disease mortality (OR 2.3, p = 0.006), and all-cause mortality (OR 2.6, p <0.0001).
Percentages of outcomes based on categories of LAVI and LVEF are shown in Figure 4.
Percentages of adverse events increased with increasing LAVI, becoming evident as LAVI
increased to >40 ml/m2 and most pronounced at >50 ml/m2.

Ristow et al. Page 3

Am J Cardiol. Author manuscript; available in PMC 2009 December 7.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



For subjects with normal LVEF (>55%), LAVI was predictive of HF hospitalization and
mortality (Table 2). The prognostic value of relative changes in LAVI and LVEF in relation
to HF and mortality is shown in Figure 5. Subjects with either increased LAVI or decreased
LVEF had higher proportions of events.

There were 66 subjects with LAVI >50 ml/m2 and 66 subjects with LVEF <45%, providing a
similar number of subjects in each group. There were 23 subjects with HF hospitalization in
the low-LVEF group and 21 subjects with HF hospitalization in the high-LAVI group.
Similarly, there were 27 deaths in the 66 subjects with decreased LVEF and 24 deaths in the
66 subjects with LAVI >50 ml/m2.

To account for the effects of age, gender, blood pressure, race, medical history, tobacco use,
alcohol use, left ventricular mass index, diastolic dysfunction, and LVEF, multivariate adjusted
ORs were calculated, as listed in Table 3. ORs for LVEF were adjusted for LAVI.

Discussion
Our findings support our hypothesis that LAVI and LVEF are similar predictors of HF
hospitalization and mortality. After multivariate adjustment for LVEF, diastolic dysfunction,
left ventricular mass, and medical history, LAVI >50 ml/m2 predicted HF to a similar degree
as LVEF <45% in ambulatory adults with coronary artery disease. LA dilatation provided
prognostic information even in subjects with normal LVEF.

LA dilatation has been shown to predict mortality, atrial fibrillation,12–15 HF,16,17 and stroke.
18,19 LA dilatation was evaluated in patient subgroups, including those with no previous heart
disease,20 the Framingham cohort,21 and those with ischemic,22 dilated,23,24 or hypertrophic
cardiomyopathy.25,26 LAVI <28 ml/m2 at rest was predictive of a normal stress
echocardiogram,27 and LAVI >32 ml/m2 predicted mortality in patients with acute MI.5,6
However, the prognostic significance of LAVI was not previously reported in ambulatory
adults with coronary artery disease.

The distribution of LA dilatation in this study merits consideration. Degrees of LA dilatation
>40 or >50 ml/m2 are frequently encountered in ambulatory adults with coronary artery disease.
Although the American Society of Echocardiography recommends >40 ml/m2 as the cutoff for
“severe” LA dilatation, a higher cutoff provides more prognostic information. Table 2 and
Table 3 show higher ORs for LAVI >50 ml/m2 (compared with >40 ml/m2) in predicting HF
hospitalization.

The current American Society of Echocardiography reference guidelines for describing LAVI
dilatation are based on a number of studies involving healthy subjects.4,28 The reference
guidelines do not address the prognostic cut-off values for predicting adverse events in patients
with coronary artery disease. We suggest that the descriptive category severe dilatation be
reserved for LAVI >50 ml/m2 in ambulatory adults with coronary artery disease.

In our study population, the prevalence of both decreased LVEF and increased LAVI would
be expected to be higher than in the general population. However, the relative prevalence of
severely enlarged LAVI using published American Society of Echocardiography reference
criteria considerably exceeded the prevalence of severely decreased LVEF (p = 0.003), as
shown in Figure 2. With a cutoff of 50 ml/m2 for LAVI, 6% of subjects in our population would
be described as having severe dilatation, which still remains higher than for subjects in the
study population with severely decreased LVEF (1%). These findings provide consideration
for using a higher cutoff, such as 50 ml/m2, for severe LA dilatation, at least in the commonly
encountered population of patients with ambulatory coronary artery disease.
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Several limitations need to be considered in interpretation of the study findings. Patients in the
study population were predominantly men with known coronary artery disease and a high
prevalence of co-morbidities, including hypertension. The outcome implications in young
subjects, women, and those without coronary artery disease were not addressed. Second, we
used mitral inflow and pulmonary vein flow patterns to evaluate diastolic function.9 We did
not record Doppler tissue imaging velocities, which may have provided further characterization
of diastolic function. Third, the presence of atrial fibrillation or atrial flutter was evaluated on
a single baseline electrocardiogram. Subjects with paroxysmal atrial fibrillation or flutter
would not have been identified if they were in sinus rhythm at the time of the electrocardiogram.
Interim monitoring for atrial fibrillation was not performed in this study. Atrial fibrillation was
shown to increase the risk of stroke,29 HF hospitalization, and mortality.30 However, even if
the possible rhythm disturbance of atrial fibrillation were to cause additional adverse events,
the adverse prognostic implications of LA dilatation remain.
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Figure 1.
Measurement of LA volume using the biplane method of disks in apical 4- and 2-chamber
views.
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Figure 2.
Distribution of LAVI and LVEF categorized using American Society of Echocardiography
(ASE) standard reference limits (chi-square for difference in distribution p = 0.003).
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Figure 3.
Unadjusted ORs for LAVI and LVEF in predicting outcomes of HF hospitalization, stroke,
MI, heart disease mortality, and all-cause mortality.
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Figure 4.
Percentages of subjects with HF hospitalization or mortality by distribution of LAVI and
LVEF.
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Figure 5.
Percentages of subjects with HF hospitalization or mortality stratified by both LAVI and LVEF.
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Table 1

Baseline characteristics by left atrial volume index (LAVI)

Variable LAVI (ml/m2) p Value

<40
(n = 749; 80%)

≥40
(n = 186; 20%)

Age (yrs) 66 ± 11 69 ± 11 0.0004
Men 610 (81%) 152 (82%) 0.77
Systolic blood pressure (mm Hg) 132 ± 20 137 ± 24 0.01
Diastolic blood pressure (mm Hg) 75 ± 11 74 ± 12 0.53
Body mass index (kg/m2) 29 ± 5 28 ± 5 0.07
Body surface area (m2) 2.0 ± 0.2 1.9 ± 0.2 0.02
Race
  White 433 (58%) 120 (65%) 0.10
  Black 128 (17%) 31 (17%) 0.88
  Asian 91 (12%) 14 (8%) 0.07
  Other 96 (13%) 21 (11%) 0.57
History of:
  Hypertension 578 (69%) 144 (78%) 0.02
  MI 400 (54%) 105 (56%) 0.52
  Stroke 105 (14%) 25 (13%) 0.82
  Diabetes mellitus 200 (27%) 45 (24%) 0.47
  HF 106 (14%) 57 (31%) <0.0001
  Revascularization (surgical or percutaneous) 428 (57%) 119 (64%) 0.10
Medications:
  Aspirin 599 (80%) 145 (78%) 0.54
  β Blocker 428 (57%) 112 (60%) 0.45
  Angiotensin-converting enzyme inhibitor or angiotensin
   receptor blocker

359 (48%) 111 (60%) 0.004

  Diuretic 201 (27%) 64 (34%) 0.04
  Antiarrhythmic drug 32 (4%) 27 (15%) <0.0001
  Statin 482 (64%) 118 (63%) 0.82
Current smoker 158 (21%) 30 (16%) 0.12
Regular alcohol use 215 (29%) 53 (29%) 0.93
Inducible ischemia present 149 (22%) 54 (33%) 0.002
Left ventricular mass index (ml/m2) 94.5 ± 25 110.1 ± 27.3 <0.0001
Left ventricular diastolic dysfunction (pseudonormal or
   restrictive)

33 (4%) 24 (13%) <0.0001

LVEF 62.7 ± 9.4 58.2 ± 10.2 <0.0001
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Table 2

Odds ratios (ORs) for left atrial volume index (LAVI) predicting heart failure (HF) hospitalization or mortality
in those with normal left ventricular ejection fraction (LVEF; ≥55%)

Variable HF Hospitalization Mortality

OR p Value OR p Value

LAVI ≥34 ml/m2 2.3 (1.3–3.9) 0.003 1.6 (1.1–2.3) 0.02
LAVI ≥40 ml/m2 3 (1.7–5.3) 0.0002 2.6 (1.7–4.1) <0.0001
LAVI ≥50 ml/m2 5.2 (2.5–10.7) <0.0001 2.5 (1.3–4.9) 0.006
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Table 3

Multivariate-adjusted odds ratios (ORs)

Variable HF Hospitalization p Value All-Cause Death p Value

LAVI ≥34 ml/m2 1.7 (1.014–2.8) 0.047 1.1 (0.76–1.7) 0.56
LAVI ≥40 ml/m2 1.9 (1.1–3.2) 0.02 1.9 (1.2–2.9) 0.005
LAVI ≥50 ml/m2 2.4 (1.2–4.8) 0.02 1.8 (0.97–3.3) 0.06
LVEF <55% 3 (1.6–5.4) 0.0005 1.5 (0.87–2.4) 0.15
LVEF <45% 2.6 (1.2–5.7) 0.02 1.7 (0.84–3.3) 0.15

ORs adjusted for age, sex, systolic and diastolic blood pressure, body mass index, race, medical history, smoking, alcohol use, LVMI, and diastolic
dysfunction. LAVI adjusted for LVEF, and LVEF adjusted for LAVI.
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